Introduction
Ferroelectric (FE) materials have recently attracted considerable attention and intensive research due to their unique advantages in nonvolatile random-access memories, electro-optic devices, pyroelectric detectors, and optical mixers. (1; 2; 3; 4; 5; 6) It is well known that FE films can be deposited directly on diversified substrates and are expected to yield better sensitivity and faster response than the equivalent bulk single crystal. Nevertheless, the physical properties of FE films are strongly sensitive to the experimental conditions containing substrate, growth technique, crystalline quality, intrinsic defects, and doping elements, etc. Hence, it is significant to systematically investigate the physical properties of FE film materials, such as optical, electrical, and magnetic properties and their interactions. Among them, perovskite-type FE materials are the most promising compounds due to the polarization from the oxygen octahedra. Although there are lots of electrical properties reported on the FE bulk and film materials, optical and electronic properties are still scarce for their applications in the optoelectronic field. As we know, Bi 4 Ti 3 O 12 (BiT) is a very promising compound as a candidate of FE materials for integrated optics applications due to their combination of low processing temperatures, fatigue-free properties, high Curie temperature (T c ∼675 • C) and large spontaneous polarization (P s ∼50 µC/cm 2 along the a axis). (7; 8) Moreover, it was reported that the FE and optical properties of BiT materials can be evidently improved by the La doping, such as Bi 3.25 La 0.75 Ti 3 O 12 (BLT). (9; 10; 11; 12) For Bi-site substitution, the coercive field usually becomes larger than that of pure BiT, while for Ti-site substitution, the coercive field becomes smaller. Theoretical calculation indicates that the La substitution strikingly decreases the T c to about 400 • C. (13) Thus, BLT material can be widely accepted for an interesting compound in some optoelectronic applications owing to a lower T c and larger coercive field. Generally, the phase transitions of perovskite-based oxides represent a basilic class of structural phase transition that bear significant technological implications. (14) The high
Experimental

The fabrications of BLT films
The BLT nanocrystalline film was prepared on quartz substrate by chemical solution deposition technique. Bismuth nitrate, lanthanum acetate, and titanium butoxide were used as starting materials. The BLT precursor solution with a stoichiometric molar ratio of Bi/La/Ti=3.25/0.75/3 was dissolved in heated glacial acetic acid instead of drastic toxicity 2-methoxyethanol, which makes the process of preparation of precursor solutions safer and simpler. Note that excess 8 mol% Bi precursor was added to compensate for Bi evaporation during the annealing process. Then an appropriate amount of acetylacetone was added to the solution as a stabilizing agent. Equimolar amounts of titanium butoxide were also added into solution. The concentration of the precursor solution was 0.05 M. In order to improve the hydrolysis and polymerization, the precursor solution was placed at atmosphere about 10 days before spin coating onto the substrate. The homogeneity and stability of the coating solution was greatly improved by the addition of acetylacetone. The BLT nanocrystalline film was deposited by spin coating of the solution onto quartz substrate at 3500 rpm for 30 
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Optical Properties and Electronic Band Structures of Perovskite-Type Ferroelectric and Conductive Metallic Oxide Films www.intechopen.com s. Each layer was dried at 180 • C for 3 min, then calcined at 350 • C for 3 min. Finally, the samples were annealed at 675 • C for 3 min by rapid thermal annealing. By repeating the coating/calcining cycles about five times, the BLT film with the nominal thickness of about 150 nm can be obtained.
The growths of conductive metallic oxides
Nanocrystalline LNO and LSCO films were deposited on the single-side polished silicon (Si) wafers by radio frequency magnetron sputtering (RFMS) and pulsed laser deposition (PLD) methods, respectively. A 100-mm-diam LNO target was used for deposition. The distance between the target and Si(111) substrates was 70 mm. Before deposition, the target was pre-sputtered for 30 min with the substrate shutter closed to achieve stable conditions. The vacuum chamber pumped by a turbomolecular pump produced a base pressure of 2 × 10 −4 Pa and was raised to 1.6 Pa by admitting argon (Ar) and oxygen (O 2 ). The Si(111) substrates were mounted with silver paste onto a resistively heated substrate holder. During the sputtering, the temperature of the substrate holder was kept at 265 • C and the radio frequency power on the target was 80 W, operating at 13.56 MHz, yielding a growth rate of about 2-3 nm/min. After deposition, a cooling was carried out in vacuum. Following with the above method, the LNO film with the nominal thickness of about 230 nm can be derived. For the LSCO film, however, a KrF excimer laser with the pulse frequency of 5 Hz was used for the growth. The oxygen pressure was controlled at 25 Pa during the deposition process. The substrates were cleaned in pure ethanol with an ultrasonic bath to remove physisorbed organic molecules from the Si surfaces. Then the substrates were rinsed several times with de-ionized water. Finally the wafers were dried in a pure nitrogen stream before the deposition of the LSCO films. The ceramic LSCO target with a La:Sr stoichiometric ratio of 0.5:0.5 was sintered by solid state reaction. The substrate temperature was kept at 700 • C. In order to obtain the nominal thickness of about 1 µm, the LSCO layers have been deposited during the several periods. On the other hand, the sol-gel technique is applied to fabricate the LNO with different thickness on platinized silicon (Pt/Ti/SiO 2 /Si) substrates. Lanthanum nitrate [La(NO 3 ) 3 ]and nickel acetate [Ni(CH 3 COO) 2 •4H 2 O] were used as the start materials, and acetic acid and water were used as the solvents. Nickel acetate was dissolved in acetic acid and equimolar amounts of lanthanum nitrate dissolve in distilled water held at RT, respectively. Then the two solutions were mixed together with constant stirring. The concentration of the precursor solution was adjusted to 0.3 M by adding or distilling some acetic and water. The LNO films were deposited spin coating of the 0.3 M solution at the speed of 4000 rpm for 30 s. Each layer of the films was dried at 160 • C for 5 min, then pyrolyzed at 400 • Cf o r6m i nt o remove residual organic compounds, following annealed at 650 • C for 3 min in air by a rapid thermal annealing (RTA) process. The aforementioned coating, pyrolyzing and annealing were repeated different times in order to obtain the LNO films with different thickness.
The crystalline and optical characterizations
The crystallinity of the BLT, LNO, and LSCO films at RT was examined by XRD using a Ni filtered Cu Kα radiation source (D/MAX-2550V, Rigaku Co.). In the XRD measurement a vertical goniometer (Model RINT2000) was used, and continuous scanning mode (θ-2θ)w a s selected with a scanning rate of 10 • /min and interval of 0.02 • . The temperature dependent ultraviolet transmittance spectra were measured by a double beam ultraviolet-infrared spectrophotometer (PerkinElmer UV/VIS Lambda 2S) at the photon energy range of 1.1-6.5 eV (190-1100 nm). The BLT film was mounted into an optical cryostat (Optistat CF-V from Oxford Instruments) and the temperature was continuously varied from 80 to 480 K. Near-normal incident optical reflectance spectra (∼ 8 • ) were recorded at room temperature (RT) with a double beam ultraviolet-infrared spectrophotometer (PerkinElmer Lambda 950) at the photon energy from 0.47 to 6.5 eV (190-2650 nm) with a spectral resolution of 2 nm. Aluminum (Al) mirror, whose absolute reflectance was directly measured, was taken as reference for the spectra in the photon energy region. The ellipsometric measurements were carried out at RT by a variable-angle infrared spectroscopic ellipsoetry (IRSE) synchronously rotating polarizer and analyzer. The system operations, including data acquisition and reduction, preamplifier gain control, incident angle, wavelength setting and scanning were fully and automatically controlled by a computer. In this study, the incident angles were 70 • ,75 • and 80 • for the LNO films. Note that no mathematical smoothing has been performed for the experimental data.
The crystalline structures
Figure 1 (a) shows the XRD spectra of BLT, LNO, and LSCO nanocrystalline film. For the BLT film, there are the strong diffraction peaks (004), (006), (008), (117) and (220), which confirm that the present BLT nanocrystalline film has the tetragonal phase. Note that the broadening feature near 22 • can be ascribed to the quartz substrate. On the other hand, the XRD patterns indicate that the LNO and LSCO films are crystallized with the single perovskite phase. It should be emphasized that the LNO film presents a highly (100)-preferential orientation. Besides the strongest (110) peak, some weaker peaks (100), (111), (200),a n d(211) appear, indicating that the LSCO film is polycrystalline. Generally, the grain size can be estimated by the well-known Scherrer's equation r = Kλ/β cos θ,wherer is the average grain size, β the full width at half maximum of the diffraction line, λ the x-ray wavelength, θ the Bragg angle, K the Scherrer's constant of the order of unity for usual crystals. For the BLT film on the quartz substrate, the average grain size from the (006) diffraction peak is estimated to about 16 nm. However, the grain size from the (200) and (110) peaks was evaluated to 78 and 27 nm for the LNO and LSCO films on Si substrates, respectively. Note that the grain size of the BLT and LSCO films is much less that that of the LNO film. The striking increment for the LNO film could be due to the better crystallization (i.e., highly preferential orientation). It should be emphasized that the LNO films on the Pt/Ti/SiO 2 /Si substrates are of the similar crystalline structure to that from the silicon substrate. Nevertheless, the grain size of the LNO films on the Pt/Ti/SiO 2 /Si substrates is estimated to 18.4, 17.5 nm and 27.8 nm for the 100-nm, 131-nm and 177-nm thick films, respectively. It indicates that the average grain size is similar for the LNO films with the thickness of about 200 nm on different substrates.
Transmittance, reflectance and SE theory 4.1 Transmittance and reflectance
Generally, transmittance and reflectance spectra can be reproduced by a three-phase layered structure (air/film/substrate) for the film materials with a finite thickness. (40; 41; 42) For the BLT film, the three-phase layered structure configuration is applied due to the thickness of about 150 nm. Nevertheless, it is noted that the nominal growth thickness is about 230 nm and 1 µm for the LNO and LSCO films on Si substrates, respectively. Therefore, considering the light penetration depth in the films due to the optical conductivity, the three-phase layered model and the semi-infinite medium approach are applied to calculate the reflectance spectra of the LNO and LSCO films, respectively. (27; 51) The optical component of each layer is expressed by a 2×2 matrix. Suppose the dielectric function of the film isε, vacuum is unity, and the substrate isε s , respectively. The resultant matrix M r is described by the following product form
Here, the interface matrix between vacuum and film has the form
. ( 2 ) and the propagation matrix for the film with thickness is described by the equation
where λ is the incident wavelength, and correspondingly the interface matrix between film and substrate is
thus, the transmittance T and reflectance R can be readily obtained from
The multi-reflections from substrate are not considered in Eq (5). It should be emphasized that the absorption from the substrate must be taken into account to calculate the transmittance of the film-substrate system. (44) The physical expression of the real and imaginary parts of the dielectric functions for semiconductor and insulator materials has been reported by Adachi. (52) The Adachi's model dielectric function is based upon the one electron interband transition approach, and relies upon the parabolic band approximation assuming energy independent momentum matrix elements. In our present spectral range, the dielectric functions of the nanocrystalline film are primarily ascribed to the fundamental optical transition. Moreover, for wide band gap FE materials, the dielectric response can be described by the contribution from typical critical point (CP). Therefore, the Adachi's model is employed to express the unknown dielectric functions of the BLT nanocrystalline film, and written as
. ( 6 ) Here, χ 0 =(E + iΓ)/E 0 , A 0 and Γ are the strength and broadening values of the E 0 transition, respectively. (52) It should be emphasized that the dielectric functions of many semiconductor and dielectric materials have been successfully determined by fitting the Adachi's model to the measured data. (53; 54; 55; 56; 57; 58) On the other hand, the dielectric function of the metallic oxide films can be expressed using a Drude-Lorentz oscillator dispersion relation owing to the conductivity
. ( 7 ) Here ε ∞ is the high-frequency dielectric constant, A j , E j , B j ,a n dE is the amplitude, center energy, broadening of the jth oscillator, and the incident photon energy, respectively. (27; 29;
59) The refractive index n and extinction coefficient k can be calculated as follows
where ε 1 and ε 2 are the real part and imaginary part of the dielectric function, respectively. The root-mean-square fractional error σ,definedby
2 . ( 9 ) where T(R) c i and T(R) m i are the calculated and measured values at the ith data point for the transmittance or reflectance spectra. N is the number of wavelength values and M is the number of free parameters. (11; 60; 61) A least squares-fitting procedure employing the modified Levenberg-Marquardt algorithm, the convergence of which is faster than that of the SIMPLEX algorithm, was used in the transmittance or reflectance spectral fitting.
SE technique
On other hand, SE, based on the reflectance configuration, provides a effective tool to extract simultaneously thickness and optical constants of a multilayer system. (48) It is a sensitive and nondestructive optical method that measures the relative changes in the amplitude and the phase of particular directions polarized lights upon oblique reflection from the sample surface. The experimental quantities measured by ellipsometry are the complex ratioρ(E) in terms of the angles Ψ(E) and ∆(E), which are related to the structure and optical characterization of materials and defined asρ (50) It should be noted thatρ(E) is the function of the incident angle, the photon energy E, film thickness and optical constantsñ(E), i.e., the refractive index n and extinction coefficient κ from the system studied. Generally, the pseudodielectric function< ε > is a useful representation of the ellipsometric data Ψ and ∆ by a two-phase (ambient/substrate) model (50)
where ϕ is the incident angle. Althoughρ(E) andñ(E) may be transformed, there are no corresponding expressions forñ(E), which is distinct for different materials. (62) Therefore, the spectral dependencies of Ψ(E) and ∆(E) have to be analyzed using an appropriate fitting model. Correspondingly, the film thickness d f , optical constants and other basic physical parameters, such as optical band gap, the high frequency dielectric constant ε ∞ ,e t c . ,c a n be extracted from the best fit between the experimental and fitted spectra. Similarly, the three-phase layered structure model cab be applied to reproduce the SE spectra of the LNO films on the Pt/Ti/SiO 2 /Si substrates due to a smaller thickness (the maximum value is about 180 nm). In SE fitting, the root-mean-square fractional error, which is defined as
has been used to judge the quality of the fit between the measured and model data. (11) Where, J is the number of data points and K is the number of unknown model parameters, has been used to judge the quality of the fit between the measured and model data. Note that Eq. 12 has 2J in the pre-factor because there are two measured values included in the calculation for each and pair. The standard deviations were calculated from the known error bars on the calibration parameters and the fluctuations of the measured data over averaged cycles of the rotating polarizer and analyzer. Note that the same Levenberg-Marquardt algorithm as the above T or R data was applied to reproduce SE spectra. Therefore, the infrared optical constants of the LNO films can be uniquely extracted.
Optical properties of the BLT films
Typical transmittance spectra of the BLT films at different temperatures are shown in Fig. 2 (a). The spectra can be roughly separated into three specific regions: a transparent oscillating one (labeled with "I"), a low transmittance one ("II"), and a strong absorption one ("III") at higher photon energies. The Fabry-Pérot interference behavior observed in the transparent region, which is due to the multi-reflectance between the film and substrate, is similar to those on silicon substrates. (10; 63) The transmittance differences with the temperature are ascribed to the thermal expansion and variations of optical constants in lower photon energies. Transmittance spectra ranging from 80 to 480 K were measured in order to analyze the shift of the absorption edge during the phase transition. As shown in Fig. 3 (a) , the spectral transmittance value sharply decreases with the photon energy and down to zero in the ultraviolet region beyond 4.5 eV. This is due to the strong absorption from the fundamental band gap and high-energy CP transitions, which can not be detected by the present transmittance spectra. The fitted parameter values in Eq. 6 are summarized in Table 1 and Fig. 3 (b) and (c). A good agreement is obtained between the measured and calculated data in the experimental range, especially for the fundamental band gap region. For all temperatures, the fitting standard deviations are less than 2 × 10 −3 . As can be seen in Fig. 3 (b) , the optical transition energy E 0 of the BLT film increases with decreasing temperature except for the temperatures of 160 and 300 K. Fig. 3 (b) can be roughly separated into three specific regions: the monoclinic phase (labeled with "A"), the orthorhombi phase (labeled with "B") and the tetragonal phase (labeled with "C"). An obvious dip at 160 K for the fundamental band gap can be observed due to the phase/structural transition. (20) The origin of the structural anomaly is due to strain energy and lattice strain change with the temperature. The variation of E 0 with temperature can be mainly ascribed to thermal expansion and electron-phonon (e-p) interaction. The BLT film emits or absorbs the phonon with increasing temperature. It will result in the band gap perturbation and shift. The valence-band top mainly consists of the O 2p orbital, which is strongly hybridized with the Ti 3d orbital below the Fermi level. (13) The strong hybridization between the O 2p and Ti 3d orbitals changes with the distortion of the crystal structure during the phase transition. Therefore, the E 0 variation clearly indicates that the absorption edge is strongly related to the phase transition with decreasing temperature. It is generally believed that the symmetry of BiT at RT is orthorhombic and changes to tetragonal at 675 • C. (64) As we know, physical properties of FE nanocrystals are strongly dependent on the grain size. (65) Recently, a size-driven phase transition was found at a critical size r c of 44 nm for BiT. The high-temperature tetragonal phase stabilizes at RT when the grain size is smaller than the r c . (17) According to the XRD analysis, the BLT film has the tetragonal crystal structure at RT. Various anomalies of BiT at low temperature are believed to be a possible indication of the structural transitions. For instance, the dielectric constant decreases with decreasing temperature except for a broad hump around about 150 K, the spontaneous polarization (P s ) changes little but for a gradual decrease in the 100-250 K range with some thermal hysteresis and the E c gradually decreases to a minimum at 100 K except for the broad hump about 200 K. (20) The similar phenomena from the optical properties can be observed in the present BLT nanocrystalline film. Note that the parameter A 0 of the Adachi's model is anomalous at 160 and 300 K. Moreover, the E 0 continuously decreases with increasing temperature except for the values at the temperatures of 160 and 300 K. The dielectric function anomaly indicates that the BLT nanocrystalline film undergoes a tetragonal to orthorhombic phase transition in the temperature range of 200-250 K. (21) Thermodynamic analysis indicate that the energy separation of the orthorhombic and monoclinic states decreases with decreasing the temperature. (66) When the temperature further decreases, the BLT nanocrystalline film with orthorhombic structure undergoes monoclinic distortion around 160 K. (21) From the dielectric function model, one can safely conclude that the low temperature phase transition of the BLT film can be detected by the spectral transmittance. The calculated dielectric functions are exhibited in Fig. 4 . The real part ε 1 increases and reaches a maximum, beyond which it gradually falls with further increasing of the photon energy. The peak position of ε 1 corresponding approximately with the optical transition energy E 0 of the BLT film shifts to high energies with decreasing the temperature. The peaks may be assigned to the transitions between the CP or lines with high symmetry in the Brillouin zone, termed as Van Hove singularities. In the present case, the value of the photon energy corresponding to the peaks of ε 1 is about 3.7 eV, which agrees with the value of the FE band gap (3-4 eV). (67) . Therefore, the CP may be associated with the interband transition between the valence and conduction bands of BLT nanocrystalline film. The sites of the dielectric 
where c is the light velocity in vacuum, v and v ′ are light frequencies, α(v ′ ) is the absorption coefficient. In the frequency region near the absorption edge the value of dα(v ′ )/dv ′ is very large; however, when the photon energy reaches the gap energy, the absorption curve changes its slope and becomes smoother, so the value of dα(v ′ )/dv ′ decreases at the absorption edge. The imaginary part ε 2 is nearly zero in the interference region and increases rapidly with E, reaches a maximum, and falls slightly at higher energies. The ε 2 near the fundamental band gap energy is not zero due to defects and disorder in the nanocrystalline film. Moreover, the real part of ε decreases with the temperature and varies from 9.04 at 480 K to 8.22 at 80 K at the photon energy of 3.7 eV. The reduction is due to decreasing electron-phonon interactions at degraded temperatures, making direct transitions less probable. From Fig.  4 , an anomaly of the dielectric function is observed at 160 and 300 K, which can be ascribed to the phase/strucutural transitions. Fig. 5 exhibits the temperature-dependent refractive index n at various photon energies. The anomalous variations occur at the temperature rang of 130-160 K and 290-330 K, indicating the subtle phase transitions in the corresponding temperature regions, as compared with lower-temperature Raman results. (20; 21) As previously discussed, the optical constants are strongly related to the crystalline structure, which can affect the valence and conduction band formation. Obviously, the structural variation of the BLT film can contribute to the optical response. In order to give an insight on the electronic band structure of the BLT film, we have fitted the refractive index n below the optical transition energy with a dispersion formula corresponding to an empirical Sellmeier equation
Here, S is the contribution from high-energy CP transitions, E c the oscillator energy, and E d the dispersion energy. The fitting quality from the BLT film at 80 K has been illustrated in Fig. 6 (a) . The empirical Sellmeier equation gives a relatively good description to the optical Table 1 . The S value generally increases with the temperature except for the phase transitions, indicating that the effects from high-frequency electronic transitions becomes stronger in the BLT film. It can be found that the maximum optical transition occurs near the energy range of 4.2-4.7 eV from the fitted oscillator energy, which agrees well with ε 2 observed (see Fig.  4 ). It indicates that the optical dispersion in the transparent region is mainly ascribed to the higher CP virtual transitions and not by the band gap energy. Note that the parameter S presents an opposite variation trend with the temperature, as compared with the oscillator energy E c and the dispersion energy E d apart from the temperature ranges around 160 and 300 K. Again, the anomaly can be ascribed to the phase transitions as previously discussed. The long wavelength refractive index n(0), which can be calculated from Fig. 6 (b) . The n(0) at 300 K is estimated to be about 2.19 at zero point, which indicates that the dielectric function is about 4.80. The n(0) is related to the total effective number of valence electrons per atom in materials. For theoretically calculating n(0),the f -sum-rule integral can be written as
It indicates that the long wavelength refractive index is smaller for materials with wider fundamental band gap because there is lower energy transition possibility, which results in less contributions to the imaginary part of dielectric function [n(w)k(w)]. In addition, the band gap of the present BLT nanocrystalline film could be larger due to the crystalline size e f f e c t ,a sc o m p a r e dt ot h a to fb u l kc r y s t a l . ( 7 2 ;7 3 )T h u s ,t h en(0) will be further decreased.
Although the phase transitions of the BLT film can be controlled by the crystalline/grain effect, the present transmittance spectra at variable temperature further indicate that the subtle phase transitions appear in the nanocrystalline film structure. 
Electronic band structures of the LNO and LSCO films
The experimental reflectance spectra of the LNO and LSCO films are shown in Fig. 7 with the dotted lines. Generally, the reflectance spectra recorded show the similar dependence on the photon energy except for the amplitude, which is slightly higher in the LNO film. Note that the reflectance spectrum from the LSCO film is similar to that of the film grown on MgO substrate, where a slight dip appears from optical reflectance measurement. (74) The reflectance spectra can be roughly divided into two regions (see the dotted line in Fig. 7 ). The lower photon energy region below about 2 eV is assigned to a strong Drude response, which is derived from the intraband transition of free carrier. It was reported that the typical energy scale of the Jahn-Teller (JT) related excitations are varied between 0.5 and 3 eV. Table 2 . A good agreement is obtained between the experimental and calculated spectra in the entirely measured photon energy region. In particular, the oscillator broadening are generally less than the corresponding E j values (see Table 2 ), indicating that the Drude-Lorentz dispersion is reliable and satisfying, similar to the results from some metal films. (28) It is testified that four Lorentz oscillators are requisite for the nanocrystalline films, as compared with some noble metal films. (28) These Lorentz oscillators can correspond to different interband electronic transitions, respectively. For the LNO material, the optical transition peaks are located at 2.32 ± 0.02, 3.36 ± 0.01, 5.10 ± 0.02, and 7.31 ± 0.41 eV. These center energy positions can be readily distinguished from the reflectance spectrum. For the LSCO film, however, the four center energy peaks are found at 1.55 ± 0.01, 2.11 ± 0.04, 4.59 ± 0.01, and 6.01 ± 0.03 eV, respectively. Compared with the result of the LNO film, these transition energy positions are overlapped on the reflectance From the model parameters, the dielectric constants can be readily obtained. The evolution ofε(E) with the photon energy for the LNO and LSCO films is shown in Fig. 8 (a) and (b) . Generally, the real part ε r increases with the photon energy and the values for LNO and LSCO films are evaluated to be about -3.3 and -2.5 at 0.47 eV, respectively. Note that the ε r of the LSCO film is slightly larger than that of the LNO film in the mid-infrared region. According to the Drude model, the free carrier results in the fact that the dielectric constant decreases to a high negative value as photon energy approaches zero. (28) It indicates that the contribution from the Drude response becomes more prominent for the LSCO material, which agrees well with the above analysis on the plasma frequency. On the other hand, the imaginary part ε i strikingly decreases with the photon energy and approaches zero towards the ultraviolet energy region, indicating the contributions from the strong interband transitions. Note that the ε i is slightly smaller that those of nobel metal films. The ε i discrepancy between the LNO and LSCO films is not obvious, as compared with the ε r . It can be attributed to the fact that they have the similar perovskite crystalline structure. In order to give a further insight on the electronic structure of the LNO and LSCO films, the real part of optical conductivity σ can be calculated by σ r = ε 0 ωε i ,h e r eε 0 and ω is the vacuum dielectric constant and the light frequency, respectively. Fig. 9 (a) gives a comparison of the σ r for the LNO and LSCO films. Although the σ r is approximately varied from 100 to 450 Ω −1 cm −1 , the optical conductivity presents a different behavior for the perovskite-type oxide materials. In the mid-infrared region, the σ r rapidly increases with decreasing photon energy because of the contribution from the Drude response. Then the optical conductivity rapidly decreases with further increasing the photon energy. From the visible to ultraviolet energy regions, the absorption peaks owing to the interband electronic transitions can be easily distinguished for the LNO film, compared with the LSCO film. Note that the conductive behavior for the two samples is similar to those of high-temperature superconductivity. (74) Fig. 9 (b) shows the four energy bands for the charge-transfer excitations. Considering the corresponding electronic structure, the transition energy of the LNO film is slightly larger than those of the LSCO film. The small discrepancy is mainly due to Ni or Co 3d electronic states for the LNO and LSCO materials, respectively. Owing to the distinct 3d orbital energy, the t 2g and e g states can be located at different level in the energy space, which induces the center energy variation for two perovskite-type oxides. Note that the La and/or Sr composition ratio can affect the O 2p and 3d orbital distributions as well. (75) It was reported that the structural distortions can affect the electronic band structures of the perovskite material. (77; 63) Therefore, the highly preferential orientation LNO and polycrystalline LSCO layers can contribute to the changed electronic structure. In addition, the LNO and LSCO films have different grain size, which results in the grain boundary discrepancy and maybe further affect the electronic state. 
Infrared optical constants of the LNO films
As an example, the measured Ψ and ∆ spectra at the incident angle of 75 • for the LNO films on Pt/Ti/SiO 2 /Si substrates in the wavelength range of 2.5-12.5 µm are shown by the dotted lines in Figs. 10 and 11 , respectively. In order to estimate the infrared optical constants of the LNO films, the ellipsometric spectra were analyzed by a three-phase (Air/LNO/Pt) model system as the Pt layers were thick enough that the infrared light could not propagate through them. (50) The unknown infrared optical constants of the LNO films were described using the Drude model, i.e., the first term of Eq. 7. The optical constants of Pt in the fitting were taken from Ref. (62) . The infrared optical constants of the LNO films were determined by fitting the model function to the measured data. Note that the fitted film thicknesses are in good agreement with the measured values by scanning electron microscopy within the experimental error bars. The Ψ and ∆ spectra are shown in Figs. 10 and 11 by the solid lines, respectively. The best fit is obtained between the measured data and the model fit in the entirely measured wavelength range. The evaluated optical constants n and κ of the LNO films are shown in Fig. 12 (a) and (b), respectively. The refractive index and extinction coefficient of the LNO films increase with increasing the wavelength, which indicates that LaNiO 3 is of some metallic characteristics. In addition, the refractive index of the LNO films decreases with increasing the thickness in the entirely measured wavelength range except for two thinner samples in the short wavelengths. However, the extinction coefficient of the LNO films monotonously decreases with increasing the thickness in the entirely measured wavelength range. In particular, the difference of the infrared optical constants decreases with increasing the thickness. It indicates that the optical properties of films are close to those of bulk materials with increasing the thickness. The value of the refractive index decreases from 10.4 to 1.41, and the extinction coefficient decreases from 14.5 to 1.15 with increasing the thickness in the wavelength of 12.5 µm. It is believed that the crystallinity of the films results in the thickness dependence of the infrared optical properties. From the XRD patterns of the LNO films (not shown), the crystallinity of the LNO films is improved with increasing the thickness. (47) a small fraction of amorphous phase, which remained undetected by XRD. To explain this deviation, the assumption that the change in the structure and texture sensitively reflects the refractive index is presented. In this case, the shift of the optical constants should be limited by the difference between the optical constants for the crystalline and amorphous phases, leading to a large shift of the infrared optical properties. (78; 79) The XRD measurements show that the full width at half maximum (FWHM) of the (200) peak in the LNO films are 0.341 • , 0.358 • and 0.346 • for the 100-nm, 131-nm and 177-nm thick films, respectively. However, the peak positions do not shift with decreasing thickness except for the 177-nm thick films, the (200) diffraction peak of which shifts the smaller angle side. The interaction between the grain boundaries and/or morphologies and the infrared light increases with increasing grain size, which can be changed as the thickness. It can induce the difference of the optical constants with increasing the thickness. On the other hand, the influence of the interface layer may be responsible for the observed deviation. Although there is the sharp interface feature between LNO and Pt substrates, the stress may lie in the interface because of the difference from the coefficient of thermal expansion between LNO and Pt. The stress or strain can affect not only the crystallinity of the LNO films, but also the infrared optical properties. Because the LNO films are semi-transparent in the measured wavelength region, the reflected light has the interaction to the interface layer. With increasing thickness, the effect of the interface layer could increase and induce the change of the detected light, and finally result in the difference of the infrared optical properties. Therefore, we believe that the difference of the infrared optical properties is due mainly to the crystalline size effect, the influence of the interface layer and existence of some amorphous phases in the films. In addition, the IRSE data do not reveal sensitivity to surface roughness, because scattering becomes inefficient for long wavelengths. (80) The change of the surface roughness with different film thickness can affect the infrared optical properties of the LNO thin films because the influence (such as lower refractive index and extinction coefficient) of the surface roughness has been added in the optical properties. Therefore, the LNO films approach the bulk behavior and show the metallic properties with increasing the thickness from the IRSE experiments. 
Conclusion
In summary, the temperature influence on the optical properties of the BLT film prepared by chemical solution method on quartz substrate has been studied by the transmittance measurements. The Adachi's model has been employed to calculate the dielectric functions. The temperature dependence of the refractive index dispersion below the transition energy is found to obey an empirical Sellmeier equation. The results indicate that the BLT film transforms from tetragonal to orthorhombic structure in the temperature range 300-160 K, and then undergoes the orthorhombic to monoclinic transition with further decreasing the temperature. The traditional spectral transmittance technique provide a novel solution to observing the phase transitions of FE materials. On the other hand, the dielectric functions of high-quality LNO and LSCO conductive oxide films have been investigated by fitting the reflectance spectra and ellipsometric spectra with the Drude-Lorentz model. The optical conductivity presents a different behavior for two perovskite-type oxides due to the contributions from the charge-transfer excitations. Moreover, the crystallinity of the films results in the thickness dependence of the infrared optical properties. The present results indicate that the spectral techniques can be successfully used to study the optical properties of the perovskite-type FE and conductive metal oxide films. The experimental data could be crucial for the applications from the FE-based optoelectronic devices. Although the optical properties, such as optical constants, optical band gap and electronic band structures of the perovskite-type FE and conductive metallic oxides have been discussed with the aid of the transmittance, reflectance and spectroscopic ellipsometry methods in this chapter, the external field (i.e., electrical and/or magnetic fields) effects on the optical properties of these oxide materials are still kept as an open issue. In order to easily operating the optoelectronic devices, the influences must be addressed before the "actual" devices can be applied. The projects will be developed in the near future. 
